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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TECHNICAL MEMORANDUM NO. 335.

COMPUTATION OF CANTILEVER AIRPLANE WINGS.*
By XK. Thalau.

The so-called cantilever wings, often preferred in recent
times, introduce, in conjunction with braced girder construc-
tion, high-grade statically in&eterminate systems into the com-
putation. We will first consider a cantilever wing with two
spars and then a similar wing with three spars in an approxi-
mate computation.

The purpose of this treatise is, first of all, the deter-
mination of the effect of variously loaded spars on one an-—
other, since the neglect of this effect would present an eco-
nomically very unfavorable computation method (See also the
article by L. Ballenstedt, Technische Berichte, Vol. III, No. 4).

The system of spars and éross—bars alone (whether solid or
built-up) does not matter at first, the original assumption

being that. the spars are rigidly braced by the cross-bars.
Two-Spar Wing

Our system can be regarded as a one-sided Vierendeel gird-
er, on which the principal vertical components of the air
forces act perpendicularly to the plane passing through the axes

of the spars at the junction points (Fig. 1)'

* From "Zeitschrift fur Flugtechnik und Motorluftschiffahrt,"
May 26, 1924 pp. 103-109. .
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The magnitude and direction of the forces F and F' change
according to the manner of 1oading,.but are to be regarded as
constant for a given load. Hence the loéd diagram of the air
forces in this direciion, contrary to their actual distribution
over the width of the wing, is assumed to be rectangular. This

assumption corresponds to the method of computation often em-

"ployed. We are independent of variations in the dynamic pres—

sure distributioh,.when we make the computation for the general
cagse of a spar loaded with unit forces at its junctioﬁ.points.
This @roduces certain 1 forces or moments, which we will desig-
nate by A'. An m-fold load (m X 1 = F) would accordingly pro-
duce an mwA' force or moment. . An n-fold loading of the rear
spar (n X 1 =.F') gives a corresponding symmetrical result éf
the form A = mA' + niA?.

We will now give the computation for a system with five
fields of constant width A and constant height .3h. We get our
statically determinate main system in the form of two fixed gird-
ers by cutting through the cross-bars (ribs)-and obtain, accord-
ing to Vierendeel (Fig. 2), by combining the unknown lateral

forces,.fhe following new unknown quantitiest

X =T, W' (M=%,

X, = Ty + T, m,= X, - X4

X, = T, o4 T, +.T, >4 Ty = X3 - Xz (1)
X, = Ty + Ty + Ty +‘rr'4 Te= X4 = X3
.X5=1'r1_+TT2+Tr3+TT4+1T5f LTTS=X~5“X4
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In the case 2 X = 0, the front spar is acted on only by

the external loads "1"..

In the case X, = - 1,. all other X values (in the compar-
ative group 1) equal O and we obtain #, = -1, T, = + 1.
On following up the different cases of X = - 1, we accord-

ingly find that always two of the m forces are effective, which
together give simple bending and torsion moment surfaces. An
exception is formed by the case X, = - 1, through which only
Mg = - L.

As follows from the subsequent figures, bending and torsional
méments for the spars and bending moments for the cross-bars
(ribs) are the most important in the elasticity equations.

Disregarding, therefore, the perpendicular and lateral

forces, the general expression for the bending deflections is

_ My My & M; Yy d T: Ty d
Sy = f =KX oy kX oy LTk ()
EHIH ESIS GHIV

in which signify:
My ,Mk, -bending moments for the spars;:
Hi’ﬁk’ ] " oM pibe;:
Ti»Txs torsion " # " spars;

Eys; elasticity modulus of a spar (same for all spars);

T, " " moopip (M i . ribs )
Iy, inertia moment of a spar . { ™ " " gpars);
Is’ " - "o "o pib A n v ribs );

Gy, sliding modulus of é-spar (same for all spars);

Ip', polar moment of inertia for a spar with reference
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to the deviation of its cross-section from the circular shape

(same for all spars).

The relatively small angle of torsion of two cross-sectlons
1 cm apart (Hﬁtté, Ecdition 22, Vol. I, p. 570) is, according to
Grashof,

6=§ IH Md:_. Md 'C;l.z

If, starting from constructions at hand, we express IyH

I .
by Ixg, then, with Iyy= —2H and 1, = Iy + Iy, we obtain

_ . IxH _ ( 1N
IpH = IXH + a IxH 1+ a)
We then obtain
4 IxH IXH — 4

I = = I 1.
pH‘ 1 1 XH,
a(1+§>§IxH 1.2a(1+§>

_ _3.33 _
Tt 31 Txn = P Ixg

in which b 1is mostly a true fraction.

Moreover, if we put

IS = G IH;
Gg = 4 EH;
E g = e EH;

so that, after substituting these values in equation (3), we find
for Siy only the elasticity modulus and the inertia moment of

the spar
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6., = ; Uil dx j.'ﬁi Tk dg Ty Ty dy
ik Eg 1m e Ey ¢ Ig d Eg b Iy
With - ¢! and L = c" Tbecomes
e c adb ;
| My My & Ui Ty Ay T; Ty d
bix= [ e f R e g AR ()
‘B H *H H "H
The elasticity equations of our system now read
-~
501 = Xl 611 + X2 612 + X3 513 + X4 @14 + X5 615
602 = Xl 621 + XE 622 + X’3 .523 + X4 624 + XS 635
. - (4)
605 = Xl 651 + Xz 652 + ;{3 653 + X4 654"" Xs‘- 555)

By multiplying botn. sides of the elasticity equations by

Ey X Iy, these denominators
We will now take up the
and their evaluation for the

Case XX = O.- Only the

front spar (Fig. 3).

n.=1 A
MNge=1 (BN+N) = 3\

Ma =1 (3X+ 2N+ A) = )

n,=1 (an + 3N+ 2A+ A = 10\
My=1(5NA+ &4X+ 3A+ 3A+ N= 15k
Case X1.= —1.— We have Ty = - i; T,

ments which generate pressure in the upper

cxternal forces "M

are entirely eliminated.
representation of the moment areas

Gcifferent cases.

act on the

l

Py = _%_)\2

P, = £ N

P, - %_Na - (5)
s, - 18

P, = §§-Xi

= + 1 (Fig. 4). o~

fibers of the girder

are positive. The bending moment ig the same for all ribs and

equals 1 X h. At the same time, there is

a constant torsional
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moment for the spars, whercby it should be noted that the latter,

with therexqeptlon of the case Xs = -1, only acts within one

‘fieldd with the case X, = = 1, only for spar sections in field

1
23 with case X, = - 1, only in field 3, etce
The torsion&l moment areas, on account of their simplicity,

were not plotted and are easy to followe

Cage X» = -1 my=-1; my =+ 1 (Fig. 5).
Cagses X5 = -1 and Xa = - 1 give analogous moment areas.
Cagse Xg = - 1.~ This gives m_ = - 1 (Fig. 6). Here the

influence of the torsional moment extends over the whole spar
length with the magnitude 1 x h.

Regarding the evaluation of the simple moment areas, see
Mﬁller—Breslau; Vol. II, Chapter I, as also the handy formulas

of Demel.*

* Richard Schadek von Degenburg and Karl Demel "Hilfsmittel," etc.,
Berlin, 1915, p.7 - Published by Wilhelm Ernst and Sohn.
If, e«+g., we wigh to find the valuc of

5y, = My My dy v oot J M& My dy o/ T, T» dx
Ey Iy Ig Iy | Eg Iy
the moment areas for the cases X; = -1 and X, = -~ 1 .are 1o be

combined. (Figs. 4-5). The integrals are t0 be extended only over
the portions of the bars which are 51mu1taneously subjected to mo-
ments.- Hence

J U, U, dy = ;f (+ (+x)dx+/ (=N (=N dx +
L_,_____Fleld 1 J\_______ Fleld 1,___________J
behind ﬁpar front of spar.

+f Axdg + S (=N (-x) dx
w.Field 2 __ﬁn__,__Field By___ 2

behlnd spar. front of spar.
- : >\3 ‘3
[ M, M, dx = 3K +23=3x>\
M. M ho, 2 4 13
c' f My My dy = 2 ¢ S (+x) (-x) dx = - 3 c' h

\___Crogs-bar 3___  —————
( Contimied bottom Page 7)
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Demel's formulas give:

For the load magnitudes —.

EI6,=/ ol ax=-2R -z)
E I8, =~-233N = 7,
E I s =~ g X = 754 ... (8)
E Lfe = - 2 X =z,
E I §s =+ 100 ¥ =zs)

For the form magnitudes -

E1511:%f+%c'ﬁ+20"ﬁ>\
EI8,=25%X-%c 1
EIS a
Plea #
EI 814
38 3 2
ETI6;5=-2 K -2oc" BX

(Continuation of footnote from Page 6)

¢/ T, T, dx here equals zero. Hence

Eg Igbie = 3N -5 o B

Apre—

The work of integration is rendered unnecessary by employing
the above formulas. The moment areas are, due to the arrangement
of the unknowns, almost all rectangular or triangular surfaces,
the torsional moment areas being also rectangular surfaces. Trap-
ezoidal surfaces are divided into triangles by means of diagonals.
The signs must be given attention.
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EI S8gs= E I 8,6

3%9 X —+-% c' B + 10 o" B A

We designate the load magnitudes by 2, to. Zs and write

the elasticity equations in the form of a matrix:
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~ Xy . | Xyl X, | Xs
Z1 _5_1_1_ 512 613 614 5_15
Z; 6z 4 S22 ,533 62 4 O25
Zg 83 1 832 833 3 4 Sag - (7)
2y 841 842 843 Oag §+$
Zs 55 1 55’2 l 553 6zs 4 55 5

If we wish to follow the effect of the loads on the differ-

ent unknowns,; we thus obtain, for any given unknown, the form

Xi:Bli Z1 + BZi ZE + BSi ZS + 641 Z4_+ BEi ZE

For this purpose the corresponding matrix reads:

Z, T, Zy : Zg Zs
X; | By 8,2 Bis | Bis Bys
Y. | Baz | Boa | Bas | Bos | Bes
X | B | B Bas Bow | Bes  (8)
X, Baz Bz Paz Pas Pas
X | Bsa Bsa Bss Bs 4 Bss

Since & = 643, then By, must equal Byy, 1i.e., the
B matrix, like the & matrix, is symmetrical to the main diag-
onals (underlined). The B values may be found simply by the
methods of Mlller-Breslau, Vol. II, Chapter I, p. 178.

As a summary, we will give the solution diagiam for this

-

special case of five elasticity equations with five unknowns 1w
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in each eguation.

10

From the general case of the nirie-menmbered

elasticity equations, we obtain the following:

l .
T
1 8,4 16,0 | Bua | Bua | Bys |t lba | m | @ | ¥
ol 11{v12 13 14 15 €4 1 1 1 1
2 821 | 822183 | B2a| Bas %%: Mz | D2 @2
3 O35 | a2 | Ba3|Bae| O35 ei-a M3, Va
4 54.1 042 8as | Baa|8ss 33'4; Mg
5 ' Bsa | © 1
5 18:| &2 Ss 54 | Os5 €rs
Taken in order, the coefficients are:
ey = 85y
p___._§.1..2- _-.,.;{:_éa_a. %:_.@:1_4. \;;1__.___21_5_.
* ;17 8117 6,1’ 11
erz = &, + dyo My, in which
32 = Gy
" __c}_12 v, + &5 .
2 e:a L4
" dyp @1 + &4,
2 ]
€4p
dio ¥y + &s .
Pz = e .
- Ia
€3 = O35 * Cy3 v + Ay Has ‘in which
cys = O,

832 + 831 Mg
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Wy = Cia @ + dys Vot 854
. Y U ; ' 813
v = - CZi3 Y, + 835 @ + G5
3 e
13
€y, = 4o + byy @ +* 0y, Y + dga Ma, in which
bys = B4y
Cya = 84 + D34 Uy
Gye = 8,5 + Dra v, + Cyg Hs
; boy ¥y * 0y & +C&p, Yy + B4p
‘4'4 = -
€14
€1s 8gs + 85, Yy + bgg ¥ + Cys Vs + dps Mg, in which
bis 852 + 851 M,
Cig = O3+ &, v+ Db M,
drs Osa+ 854 @) + Dyg VU + Cpg Mg
Beginning with the last P values, we proceed to make out

the B tables.

Bis = My Bas t Uy Bas F O
Bes = Y Bag * U Pus + %
Bas = Hy Bus + Vs Bgs
Bas = Mu Bss
IBS.S_ =ho

ﬁq.s + 1[!1 B55
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A 614 = M':L Ba4 + U:r. Bsq. + 9 "_344 + 1l[:L 654
T By T By U B Y% Bey

Paa = Mg Buy + 1-’:awB_'s«.z.

B4-4 = p‘4. Psa + "511_4

'BS;‘:'B;;_ .....................

A Bys = My Bog * Uy Baz t Py Bas t ¥y Bss
Pas = My Byy + Uy Bus * P B
Pas = Hs Baa + V5 Bgs + '6%
Pas = Pas
Psa = Pas

r Bz = My Bos * V3 Bz + @y Baa \V:;‘Bsa
oo =t Bap ¥y By + 0, Byy oo
Baz = Pag
Paz = Baa

' Bss ;-st

Bas Tty By t U Byt 0y By ¥ Bay t T
Bay = Py
Bay = Bis
Pez = Pis
Bsys = Pis

The arrows indicate the order of the solutions. The unknowns
can now be computed from 8, whereby no further difficulties inter-

fere with following, in the manner indicated at the beginning,
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the effect of the variously'loaded spars on each other.
Three-Spar Wing

From what has been said, the investigation of the three-

spar system is now simple (Fig. 7). As before

X, =m, h [Ty =X

Xp = Ty + T, T = Xz = X,
Xg =Ty + 1, + T, >~ < Tg = Xz - Xy
Xo =Ty + T, + T, + T, Ty = Xy — X3
Xg =Ty + Tz + T3 + T, + Tg L Ts = X5 - Xa
Xy = T i T T, = Xg

Xy = Tg + T M, = Xy - Xg
Xg = Mg + Ty + Ty % < Ty = Xg - Xy
Xg = Mg + T, + Ty + Ty ingzxs—xs
L= Tg + Ty + Ty + T + Ty Jk To= X0~ Xs

The 1 forces are at first assumed :’co be produced by loading
the front spar alone with the junction-point loads "1". The ef-
fect of the forces” F = m x 1 then equal mA'. The forces
F'- =nX 1 1in the rea.r—spa.,r junction points again produce a sym-
metrical or bisymmefrical result.

If we now cause the loads "1" to act in like manner on the
middle spar, then, because of the symmetry of the system,. the un-

knowns, thereby produced, are mw = 7w, W, = T,

etc. This will
be manifested by the production of 10 correspondingly symmetrical

8 wvaluese.
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Since X, = X,, X, = X,, etc., only one of the two equation
groups is necessary for making this part of the computation,
whereby this part is immediately carried back to the case of the

five equations with the five unknown quantities. If this last

" loading case, with the junction-point loads r X 1 = F", has an

effect T X A" on our system, then the total effect, when the

forces F, F! and F" act simultaneously and respectively on the

- front, middle and rear srars, will be

A=mA' +n A" + ¢ AWM

We now have at our disposal 10 elasticity equations with 10

unknowns, as follows:

601 = X30,, + Xz 6,5+ X3 85 + Xy 834 + X5 O3t

+ XG 51e; + X'7 61'7 + XS 618 + X@ 519 + X1o 6110

8o =X, Byt Xy 85, * X5 85 + Xy S5, t Xg Oz t
+ XG 626 + .X.-7 52,7 + Xa 625 + XQ 629 + XlO 52 10
5% 10= X1 809 + Xp 852 t X3 8155 t Xy Bpa t X Sos T

™ Xg 8106 + X, Bigw * X5 O1p8 * X5 8,0 + X,, &

& 10 10 °
The general structure of the form magnitudes & 1is the
same as already given on a previous page. As Fig. 8 shows, the

load magnitudes §,, to § . . equal zero, while &, t0 & ., ful-

| 1y agree with the values of &4, to &5 already given.

The combination of the M, surfaces with the M, - M5 sur-

faces make, as already mentioned, & , to §, equal to Zero

(Figs. 9-11).
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We then have

E

E
E

B

E

I 8w =

I 503 =

I 5b9=

I 6510 = + 100 X 5

The form magnitudes read:

E
E

I 8,47

I -517 =
I 618 =
I 619 =

I 51;o=

EI &e=

210"

E

ol Wl ot wjkl Gl
E

O,
[l

"1}

>

+ cn

u

KS
DN
I &,
3 2,
s R(=
,% >? + c" h X
éS
= A
5
= N
28
3

61v) .

x - et If A

15
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o
il

jeat

I 655

%f(* 518)

SR (= 620)

liQ}f F ot B A

7 3

2)\.

34 2 - v B

3

I 8.5

%?xs (= 8,9

22X (=6

2 X (= 629)

%;e (= 8a4)

13 %@ & v B A

3

5_:;7_>\3 - " ¥ A

I 655

19 7 =
__S___XB ~-cthn X (= 6110)
_@3,)8.)% —c" B N (= 8210)
%)? —e" ¥ N (= 83q0)
%ﬁ —-_0"112-7‘“-7(_7-:; 5410.?
135 ) 4 5 on B A

16
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EI&, =E I8,
8¢z = 85
8ga = 8 5
53.4. = 646
Bes = Gs 6
Ses = 811
Sov = 6a
Ssg = 813
8es = 614
8¢ 10= 815

EI 843 =E1I 8,4
Ogz = G
Sos = g
s = Oue
S5 = 85
g = Sc s
Ogn = 5 &
Gea= 8
Bgs = 834
58:,0: 5.3_5

EI 854
S102 =
8108 =

6104 =

1

EIs,, =
B2

=l

ET

673

Gy o
8rs
5o 6
7 o
&8
&5

6'710

o1
G 2
2

%+

So g
8o
8 10

6110
8210
&310

64;10

17
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EL 6,6 =E & &,
8196 = 561_0 .
7 610 = G 1o
8108 = ' 59-,{0
_ 8108 = | 8s 10
810 10= Gss

If we again use a matrix for summerizing the ten _.eia'Sjb-_icity
equations, we then obtain, on designating the load magnitudes

by Z,to Z.4,

Xy | %o | Xg | Xy | Ko | Xg | Xy | Xg | Ko | Ky
Mo %1 | 812 b5 | B1a| B1s| Oy6| B1v| 18 | O1s | B110
%o S22 | Gea| Geal| Ss| See| Gew| S | &oo % 10
% o S35 | G24a| Ss| O3] Osv| Bas 839 | 8310
% 0 8s41 Bas| Ose| Bav| Oas | Bas | Ba1o
5 0 G55| 856 Osvw| Ose 859 | 0540
) Z, S| Os7| Oss 8so | Bs10
7Y T 879 | Gog Sae | Oy10
8) Zg Ses Ses | Os10
°) Zo %o | B3
10) Zyo ' i &3_19

Herein it is now worth noting that (as the computation of
the 8 values demonstrated) there is a symmetry in so far-as

-611 = 66(5; 8y 0= 67-7 etc.

812 = 55';;;_" O13= Ogg. etoc. \
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Hereby it is also possiblé for us to reduce the tén~menbered
elasticity equations to two groups of five equatibhé:With 5. un—
knowns. We first add equations 1 and 6, 2 and 7, 3 and 8,

4 and 9, 5 and 10, and then subtract them from one another.

The resulting merbers are then designated briefly as follows:

X + X =5, X_I_XG::D'L
.Xe +.X7=Se Xa“X'r:De.
Ko + Xyo= S5 | Xs - Xy0= Ds
811+ 815

S

611+ 511'—' 616:: 511—
82+ Sy9= Ozt | Siz— 819 = O12”

5

81+ 81p= 815t S15— Ouo= Sis”

and both groups of the elasticity equations are obtained in the

form
s, S, | % S, Ss
Zg | 6y47% 82t 1 Szt | Gy.7 Oyt
Zey 1 1 G2t 1 8zat| G4t Gt
Zg &4t &4t 85t
Zs | Sygt | Ougt
Zyo i _ Os st
D, D Dy Dy Dy
- Zg . 0117 ;2 613 614" 615~
- 2y G221 823~} O24 Sa5
- Zg a3 4 85
- s 1 r 54 4 545
- Zioi Oss
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The solution of these equations has already been discussed.
After obtaining the values S or D, wec gquickly find the un-
knowns X and from them, in turn, the w forces at the inter-
section points of the ribs. The latter computations make the
least works. .

We will now consider briefly the loading case of the middle
spars Here,.as already stated, therc are ten symmetrical load
magnitudes (Fig. 14). We will also choose a symmetrical direc—
tion of the T forces (Fig. 15) corresponding to the bending
of the system..

Hereby, in the cases X5 to X, = - 1, the signs of the
Mg to M, surfaces alternate, so that the combinations of the
Mo surfaces with the Mg to M, surfaces all have the same
sign,_negatiye in this case.. The first five equations are all
correspondingly to be provided also with a 2 member.:

In conclusion, we notc that the computation difficulties
lie almost exclusively in the solution of the many-menbered equa-
tions. From this side also, attention is called to the fact that
only work with the calculating machine offers, in many places,.
promise of good results..

The usual utilization of determinants is inexpedient in the
present instance, where the number of equations and unknown
quantities exceeds four (Comparé-Mﬂller—Breslau, Vol. II, Chap-
ter I).. '

After the decisive forces have béen determined, .they natur-
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ally give the bending moments aléng with the torsional nmoments,
which now, however, extend th@ir;effect ovei the whole length
-of the spars. For sitrong torsional effects, such as may be pro-
duced. at the bace of long spars, the stressgs prcduced in the
longitudinal direction of the Sﬁars must te considered;(See

Goetzke, Z.d.V.d.I., 1909, p,gzg).

This treatise is intended,%first of all, to combine, in
the example discussed, the most éssential'theoretical.oonsider—
ations with the practical viewpoints so decisive in airplaneg
construction. It is, of course, possible to employ more refined
methods of calculation, such as; e.g., the introduction of the
torsional moments and the transverse forces in the girder plane
at the intersection points of the ribs, as further independent
unknowns, but the work of computation would then be entirely
disproportionate to the practical advantages gained.

A numerical evaluation of the above may be given in a future

article.

Translation by Dwight M. Miner,
National Advisory Committee
for Aeronautics.




.

-z

N.A.C.A. Technical Memorandum No.335 - Figs,1&3

W

Rear spa.r
’1/“2!/ "3"/”4/“5/
Hl)ﬂl /’”1/ 2/“*5 s /”5
l

A A Front spar
‘uln t uln

"1" nlu

"1"

Fig. 2.




 N.A.CL.A. Technical Memorandum No.335 Fig,3&4

1“' A A A —%-xf-_{"'””
WL L L e

I

i inln l"l“ npn nyn |u1n
! L4 P 714: o : P [
Hp, M3 =3 t ng: 5

ny +P1 N3 ; 2 T 1 Py 5,

L1

Fig.3.

**h
§9§§§§> T//%;;7(§4i5 ///' C) *{{:;ﬂ’
.“;\ {UﬂﬂVL 4{// /// ////in; Area

SR L;L//iiﬂbf

Fig.4.



N.A.C.A. Technical Memorandum No.325 _ Figs.5&6

» P 1

S /l,\‘ ,?"hﬁl ‘ / /

§D = D;A//“ﬂ/ Mg—' ATreg
Fig. 5
-=BA

Fig. 6.




N.A.C.A. Technical Memorandum No.325 Figs.7&8

== - ——r Reas

,Tﬁ]m Ukl l/m '12 /m 1'{3 fm Ty |/1T5 g/ /Spa;.r
m Tr+ 'né ,4 m TT4_ m 'rr

/J/ /1’ ‘7[ 74‘1\5&1dd1e spax

A /f/ A

f_t_i—:ﬂﬂ'r‘ / m“6 //'; m*r-»/’l 1l n8//’§mﬂy&nn)_/o

- Sl Front spar

S I N ER E a




N.A;C;A¢:Technical-Memorandum No.335 Figs.9,;10&11

+ X S e 2

Sy B
ANV =
\\Q\\ / +h Vl
\\\\ ; ] '
N v

Figell. .




. N.A-C-L'A.&

Technical Memorandum No.3235 Figs.l2 & 13,

S 'h .
Nl




N.A.C.A. Technical Memoragfdum No.325 Fige.14 & 15...

N4
Y S S S
[l S LSS

@ AT AT AT A

\ e~y
» “11 ng
/‘ .
Fig.14,
Fn
A
A rm
7Y oy ' 5
! ' !
A }

i

7 TTw ) )
Mg} # v’ -7 .// ' »7
I /V / / { /s | /
7 y 4 .7 by
4 re (A 7 (v
e PV S A 7 M V4

'f

Fig.1l5.

-



g )IHI(NDINllﬂ(llHll((llUMllHlllmll(ﬂlﬂl!NI!HINII

01440 1062




